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jority	 spend	 the	 nonbreeding	 season	 in	West	 Africa,	 while	 a	 growing	 number	
winters	north	of	the	Sahara	on	the	Iberian	Peninsula.	To	test	whether	crossing	the	
Sahara	has	an	effect	on	breeding	season	phenology	and	reproductive	parameters,	
we	 examined	 differences	 in	 the	 timing	 of	 arrival,	 breeding	 habitat	 quality,	 lay	
date,	egg	volume,	and	daily	nest	survival	among	godwits	 (154	females	and	157	
males),	individually	marked	in	a	breeding	area	in	the	Netherlands	for	which	win-









do	 not	 have	 clear	 negative	 reproductive	 consequences	 for	 some	 long-	distance	
migrants.
K E Y W O R D S
carryover	effect,	limosa limosa,	migration,	phenology,	repeatability,	wintering	strategies
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1  | INTRODUCTION
Seasonal	migration	allows	animals	to	exploit	areas	that	are	 inhospitable	
















one	 season	 into	 the	other	 (Alves	et	al.,	 2012;	Harrison,	Blount,	 Inger,	

















(Ketterson	 &	 Nolan,	 1983),	 populations	 with	 disjunct	 nonbreeding	
ranges	allow	descriptive	tests	of	possible	trade-	offs	between	migration	
distance	 and	 reproduction.	 In	 Eurasian	 spoonbills	 (Platalea leucorodia 
leucorodia)	 breeding	 in	 the	 Netherlands,	 individuals	 wintering	 south	








have	 a	 higher	 reproductive	 success	 and	 survival	 (Alves	 et	al.,	 2012,	
2013).	This	emphasizes	that	the	fitness	costs	of	migration	may	be	con-




The	 great	 majority	 of	 Continental	 black-	tailed	 godwits	 (Limosa 
limosa limosa;	hereafter,	 “godwits”)	breed	 in	 the	Netherlands	 (Kentie	





has	declined	by	over	75%	 in	 the	past	half-	century	 (Gill	 et	al.,	 2007;	
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Here	we	examine	whether	wintering	in	distinct	regions	is	related	






















1,500	ha.	 Using	measures	 of	 the	 occurrence	 of	 foot	 drains,	 high	 field	
water	 levels,	 and	herb	 richness	 (Groen	et	al.,	 2012),	we	categorized	all	
2,811	fields	in	the	study	area	as	one	of	two	categories	reflecting	the	in-
tensity	 of	 agricultural	 use.	 “Herb-	rich	meadows”	 represent	 traditionally	










Godwits	 spend	 their	 winter	 either	 north	 or	 south	 of	 the	 Sahara	
Desert	 (Figure	1).	During	northward	migration,	 the	majority	of	godwits	
stage	at	one	(or	more)	of	three	sites	on	the	Iberian	Peninsula:	(1)	Doñana	
Wetlands,	 Spain;	 (2)	 the	 rice	 fields	 of	 central	 Extremadura,	 Spain;	 and	
(3)	 the	 Tejo	 and	 Sado	 Estuaries,	 Portugal	 (Alves,	 Lourenço,	 Piersma,	
Sutherland,	&	Gill,	2010;	Lourenço,	Mandema,	Hooijmeijer,	Granadeiro,	
&	Piersma,	2010;	Márquez-	Ferrando	et	al.,	 2014;	Masero	et	al.,	 2010).	





to	 a	 minimum	 of	 biweekly	 surveys	 each	winter	 from	 October–March	








2.2 | Defining an individual’s wintering region
Data	 from	 82	 satellite	 transmitters	 and	 three	 geolocation	 tracking	









of	 the	 Iberian	Peninsula	 as	 a	 stopover	 location	 during	 late	 summer	
(June–September;	Hooijmeijer	et	al.,	2013)	and	winter	to	early	spring	
(November–March;	 Márquez-	Ferrando	 et	al.,	 2014),	 we	 classified	
an	 individual	as	wintering	north	of	 the	Sahara	 if	 it	was	 resighted	 in	
October	during	any	year	(2007–2015).	Finally,	young	birds	in	general	








Arrival date Lay date Egg volume Breeding habitat Nest success
Region Sex Total N Ind Total N Ind Total N Ind High Low Total N Ind
North F 264 93 173 89 171 88 112 59 81 60
M 293 87 – – – – 110 34 192 111
South F 160 61 113 61 61 113 82 30 59 40
M 190 70 – – – – 82 33 147 89

















































To	 examine	whether	 arrival	 date	 at	 the	 breeding	 area	 differed	 be-
tween	 individuals	wintering	 north	 or	 south	 of	 the	 Sahara,	we	 used	
a	 linear	 mixed-	effect	 model	 (LMM)	 with	 a	 normal	 error	 structure.	
We	included	sex	and	its	interaction	with	wintering	region	as	factors,	









few	 individuals	 changed	 breeding	 habitats	 between	 years.	 To	 over-
come	this	problem,	we	used	a	generalized	linear	model	(GLM)	with	the	
proportion	of	breeding	attempts	 in	good	quality	areas	per	 individual	
over	 the	years	 (with	 the	 function	cbind()).	We	used	a	binomial	error	
structure	and	a	logit	link	function.
Next,	we	 determined	whether	 lay	 dates	 of	 females	 differed	 be-
tween	 individuals	 from	the	 two	wintering	 regions	with	a	LMM	with	
a	 normal	 error	 structure	 and	 individual	 and	 year	 as	 random	 terms.	













We	 included	 lay	date	 in	 the	model	because	 a	previous	 study	 found	
an	effect	of	 lay	date	(in	some	years)	on	egg	volume	(Lourenço	et	al.,	


















wintering	 region	on	nest	 success,	we	always	 included	year	due	 to	
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known	 strong	year	 effects	 (Kentie	 et	al.,	 2015),	 and	 tested	 for	 an	
effect	of	sex,	and	the	interaction	between	sex	and	wintering	region.	
We	knew	the	wintering	location	of	both	adults	of	29	of	532	nests	
with	 identified	 adults	 (belonging	 to	 16	 pairs;	 godwits	 are	monog-
amous,	see	Kentie	et	al.	 (2014)).	 If	 the	wintering	 locations	of	both	
adults	 from	 a	 nest	 were	 known,	 we	 randomly	 chose	 one	 of	 the	





“RMark”	 (Laake,	 2013)	 for	 daily	 nest	 survival	 analysis,	 and	 “rptR”	











Male	 and	 female	 godwits	were	 found	 in	 equal	 proportions	 to	win-
ter	north	or	south	of	the	Sahara	(χ2	=	0.277,	df	=	1,	p	=	.60,	N	=	495,	









males	arrived	significantly	earlier	 than	 females	 (Figure	2a,	Table	2a).	
The	interaction	between	wintering	region	and	sex	was	not	significant.	
The	repeatability	of	arrival	dates	was	similar	between	godwits	winter-
ing	 south	of	 the	Sahara	 (0.24,	 0.12–0.36	95%	CI)	 and	north	of	 the	
Sahara	(0.24,	0.14–0.33	95%	CI).












On	average,	an	 individual	had	a	71%	 (67–75	95%	CI)	chance	 to	




















































































































Response variables and random effects Predictors Estimate SE p
(a)	Arrival	date	(counted	from	1	March) Intercept 3.186 0.050 <.01
Wintering	region −0.122 0.040 <.01




Individual 0.232 0.020 <.01
Year 0.103 0.035 <.01
Residual 0.393 0.011 <.01
(b)	Laying	date	(counted	from	1	April) Intercept 3.236 0.047 <.01
Wintering	region −0.238 0.056 <.01
Individual 0.241 0.028 <.01
Year 0.079 0.036 <.01
Residual  0.286 0.018 <.01
(c)	Egg	volume Intercept 41.296 0.329 <.01
Wintering	region −1.194 0.451 <.01
Lay date (centered) −0.010 0.014 .49
Wintering 
region × lay date
0.039 0.273 .19
Individual 2.457 0.175 <.01
Year 0.338 0.184 .01
Residual  1.408 0.085 <.01
(d)	Proportion	breeding	good	habitat Intercept 0.870 0.124 <.01
Wintering	region 0.087 0.193 .65














Model k AICc ∆AICc Weight Deviance
year 9 659.91 0.00 0.40 641.89
sex	+	year 10 660.52 0.61 0.29 640.49
wint	+	year 10 661.85 1.93 0.15 641.82
wint	+	sex	+	year 11 662.41 2.50 0.11 640.38
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Does	earlier	arrival	and	clutch	laying	in	our	study	population	sug-













































There	 is	 thus	 no	 clear	 evidence	 to	 suggest	 that	 the	 recent	 and	
rapid	 growth	 of	 the	 Iberian	 nonbreeding	 population	 (Márquez-	
Ferrando	 et	al.,	 2014)	 is	 associated	 with	 differential	 reproductive	
success	 related	 to	 choice	 of	 wintering	 sites	 or	 migration	 distance.	




















We	 thank	 the	 godwit	 field	 crews	 of	 2004–2015	 for	 their	 invalu-
able	 assistance	 in	 the	 field	 both	 in	 the	 Netherlands	 and	 abroad.	




Volunteers	 of	 local	 bird	 conservation	 communities	 (Fûgelwachten	




Medialdea	 (Veta	 la	Palma	 fish	 farm),	 J.	 van	der	Kamp,	E.	Wymenga	
and	L.	Zwarts	 (Altenburg	&	Wymenga	Ecological	Consultants),	Z.	El	
Abidine	Sidatty	 (Diawling	National	Park,	Mauritania),	 I.	 Sylla	 and	O.	
Overdijk	 for	observations	 in	Africa	or	help	with	 the	expeditions,	 as	
well	as	H.	Algra,	N.	Groen,	and	R.	Faber	for	their	additional	resightings	
in	Doñana.	 A.I.	 Bijleveld	 provided	 help	with	 the	 bootstrap	 analysis.	
This	study	was	mainly	funded	by	the	former	Netherlands	Ministry	of	
Agriculture,	 Nature	Management	 and	 Food	 Safety	 and	 the	 current	
Ministry	of	Economic	Affairs,	the	Province	of	Fryslân,	and	the	Spinoza	
Premium	 2014	 from	 the	 Netherlands	 Organization	 for	 Scientific	
Research	(NWO)	to	TP,	with	additional	funding	by	the	Prins	Bernard	
Cultuurfonds,	 the	 Van	 der	 Hucht	 Beukelaar	 Stichting,	 BirdLife	
Netherlands	and	WWF-	Netherlands	through	Global	Flyway	Network	
and	 the	 Chair	 in	 Flyway	 Ecology,	 FP7-	Regpot	 project	 ECOGENES	
(Grant	 No.	 264125),	 the	 NWO-	TOP	 grant	 “Shorebirds	 in	 space”	
(854.11.004)	awarded	to	TP,	ExpeER	Ecosystem	Research,	Fédération	
Nationale	des	Chasseurs	(FNC-	PSN-	PR10-	2013),	“ICTS-	RBD”	to	the	




8  |     KENTIE ET al.
REFERENCES
Alerstam,	 T.,	 Hedenström,	 A.,	 &	 Åkesson,	 S.	 (2003).	 Long-	distance	
migration:	 Evolution	 and	 determinants.	 Oikos,	 103,	 247–260.	
doi:10.1034/j.1600-	0706.2003.12559.x
Alves,	 J.	A.,	 Gunnarsson,	T.	 G.,	 Hayhow,	D.	 B.,	Appleton,	G.	 F.,	 Potts,	 P.	
M.,	Sutherland,	W.	J.,	&	Gill,	J.	A.	 (2013).	Costs,	benefits,	and	fitness	
consequences	 of	 different	 migratory	 strategies.	 Ecology,	 94,	 11–17.	
doi:10.1890/12-	0737.1
Alves,	 J.	 A.,	 Gunnarsson,	 T.	 G.,	 Potts,	 P.	 M.,	 Gélinaud,	 G.,	 Sutherland,	
W.	J.,	&	Gill,	J.	A.	 (2012).	Overtaking	on	migration:	Does	 longer	dis-
tance	 migration	 always	 incur	 a	 penalty?	 Oikos,	 121,	 464–470.	
doi:10.1111/j.1600-	0706.2011.19678.x
Alves,	 J.	 A.,	 Lourenço,	 P.	 M.,	 Piersma,	 T.,	 Sutherland,	 W.	 J.,	 &	 Gill,	 J.	
A.	 (2010).	 Population	 overlap	 and	 habitat	 segregation	 in	 winter-
ing	 Black-	tailed	 Godwits	 Limosa limosa. Bird Study,	 57,	 381–391.	
doi:10.1080/00063651003678475
Arnold,	T.	W.	 (1999).	What	 limits	 clutch	 size	 in	waders?	 Journal of Avian 
Biology,	30,	216–220.	doi:10.2307/3677131
Arnold,	T.	W.	(2010).	Uninformative	parameters	and	model	selection	using	
Akaike’s	 information	 criterion.	 Journal of Wildlife Management,	 74,	
1175–1178.	doi:10.2193/2009-	367
Bates,	 D.,	 Maechler,	 M.,	 Bolker,	 B.,	 &	 Walker,	 S.	 (2014).	 lme4: Linear 
mixed-effects models using Eigen and S4, R package version 1.1-7 edn
Battley,	P.	F.,	Warnock,	N.,	Tibbitts,	T.	L.,	Gill,	R.	E.,	Piersma,	T.,	Hassell,	C.	
J.,	…	Riegen,	A.	C.	(2012).	Contrasting	extreme	long-	distance	migration	






to	wintering	 area	on	 arrival	 date	 and	breeding	performance	 in	 great	
cormorants	Phalacrocorax carbo. Ardea,	94,	619.
Burnham,	K.	P.,	&	Anderson,	D.	R.	 (2002).	Model selection and multimodel 
inference: A practical information-theoretic approach.	 New	 York,	 NY:	
Springer.
Conklin,	J.	R.,	Battley,	P.	F.,	&	Potter,	M.	A.	 (2013).	Absolute	consistency:	
Individual	versus	 population	variation	 in	 annual-	cycle	 schedules	 of	 a	
long-	distance	migrant	bird.	PLoS ONE,	8,	e54535.	doi:10.1371/journal.
pone.0054535
Dinsmore,	 S.	 J.,	 White,	 G.	 C.,	 &	 Knopf,	 F.	 L.	 (2002).	 Advanced	 tech-
niques	 for	 modeling	 avian	 nest	 survival.	 Ecology,	 83,	 3476–3488.	
doi:10.1890/0012-	9658(2002)	083[3476:ATFMAN]2.0.CO;2
Flack,	 A.,	 Fiedler,	W.,	 Blas,	 J.,	 Pokrovsky,	 I.,	 Kaatz,	 M.,	 Mitropolsky,	 M.,	
…	Wikelski,	 M.	 (2016).	 Costs	 of	 migratory	 decisions:	 A	 comparison	
across	eight	white	stork	populations.	Science Advances,	2,	e1500931.	
doi:10.1126/sciadv.1500931
Gill,	 J.	A.,	Alves,	 J.	A.,	 Sutherland,	W.	 J.,	Appleton,	 G.	 F.,	 Potts,	 P.	M.,	 &	
Gunnarsson,	 T.	 G.	 (2014).	 Why	 is	 timing	 of	 bird	 migration	 advanc-










Gunnarsson,	T.	 G.,	 Gill,	 J.	A.,	Atkinson,	 P.	W.,	 Gelinaud,	 G.,	 Potts,	 P.	M.,	
Croger,	R.	E.,	…Sutherland,	W.	J.	(2006).	Population-	scale	drivers	of	in-






vanellus	 and	 black-	tailed	 godwits	 Limosa limosa	 during	 the	 breeding	
season:	Do	female	body	mass	and	egg	size	matter?	Ardea,	86,	43–50.
Hooijmeijer,	J.	C.	E.	W.,	Senner,	N.	R.,	Tibbitts,	T.	L.,	Gill,	R.	E.	Jr,	Douglas,	
D.	 C.,	 Bruinzeel,	 L.	 W.,	 …	 Piersma,	 T.	 (2013).	 Post-	breeding	 migra-
tion	 of	 Dutch-	breeding	 black-	tailed	 godwits:	 Timing,	 routes,	 use	
of	 stopovers,	 and	 nonbreeding	 destinations.	 Ardea,	 101,	 141–152.	
doi:10.5253/078.101.0209
Hötker,	 H.	 (2002).	 Arrival	 of	 pied	 avocets	 Recurvirostra avosetta	 at	 the	
breeding	site:	Effects	of	winter	quarters	and	consequences	for	repro-
ductive	success.	Ardea,	90,	379–387.
Kentie,	 R.,	 Both,	 C.,	 Hooijmeijer,	 J.	 C.	 E.	W.,	 &	 Piersma,	T.	 (2014).	Age-	
dependent	dispersal	and	habitat	choice	in	black-	tailed	godwits	(Limosa 
l. limosa)	across	a	mosaic	of	traditional	and	modern	grassland	habitats.	
Journal of Avian Biology,	45,	396–405.	doi:10.1111/jav.00273
Kentie,	 R.,	 Both,	 C.,	 Hooijmeijer,	 J.	 C.	 E.	 W.,	 &	 Piersma,	 T.	 (2015).	
Management	 of	 modern	 agricultural	 landscapes	 increases	 nest	 pre-




survival	 of	 precocial	 shorebird	 chicks.	 Journal of Applied Ecology,	50,	
243–251.	doi:10.1111/1365-	2664.12028
Kentie,	 R.,	 Senner,	N.	 R.,	Hooijmeijer,	 J.	C.	 E.	W.,	Márquez-Ferrando,	R.,	









tracking	of	raptors.	Journal of Animal Ecology,	83,	176–184.	doi:10.111
1/1365-	2656.12135
Klaassen,	M.,	Lindström,	Å.,	Meltofte,	H.,	&	Piersma,	T.	(2001).	Ornithology:	
Arctic	 waders	 are	 not	 capital	 breeders.	 Nature,	 413,	 794–794.	
doi:10.1038/35101654
Knudsen,	 E.,	 Lindén,	 A.,	 Both,	 C.,	 Jonzén,	 N.,	 Pulido,	 F.,	 Saino,	 N.,	 …	
Stenseth,	 N.	 C.	 (2011).	 Challenging	 claims	 in	 the	 study	 of	 migra-
tory	 birds	 and	 climate	 change.	 Biological Reviews,	 86,	 928–946.	
doi:10.1111/j.1469-	185X.2011.00179.x
Krist,	M.	 (2011).	Egg	size	and	offspring	quality:	A	meta-	analysis	 in	birds.	 
Biological Reviews,	86,	 692–716.	 doi:10.1111/j.1469-	185X.2010.00 
166.x
Laake,	J.	 L.	 (2013).	RMark: An R interface for analysis of capture-recapture 
data with MARK.	AFSC	Processed	Rep	2013-01.
Lind,	H.	 (1961).	Studies on the behaviour of the black-tailed godwit (Limosa 
limosa (L.)).	Copenhagen:	Munksgaard.
Lok,	T.,	Overdijk,	O.,	&	Piersma,	T.	(2015).	The	cost	of	migration:	Spoonbills	











     |  9KENTIE ET al.
Lourenço,	P.	M.,	Kentie,	R.,	Schroeder,	J.,	Groen,	N.	M.,	Hooijmeijer,	J.	C.	E.	
W.,	&	Piersma,	T.	 (2011).	Repeatable	 timing	of	northward	departure,	
arrival	 and	 breeding	 in	 black-	tailed	 godwits	 Limosa l. limosa,	 but	 no	
domino	effects.	Journal of Ornithology,	152,	1023–1032.	doi:10.1007/
s10336-	011-	0692-	3
Lourenço,	 P.	M.,	 Mandema,	 F.	 S.,	 Hooijmeijer,	 J.	 C.	 E.	W.,	 Granadeiro,	
J.	 P.,	 &	 Piersma,	 T.	 (2010).	 Site	 selection	 and	 resource	 deple-
tion	 in	 black-	tailed	 godwits	 Limosa l. limosa	 eating	 rice	 during	
northward	 migration.	 Journal of Animal Ecology,	 79,	 522–528.	
doi:10.1111/j.1365-	2656.2009.01654.x
Márquez-Ferrando,	R.,	Figuerola,	J.,	Hooijmeijer,	J.	C.	E.	W.,	&	Piersma,	T.	
(2014).	 Recently	 created	 man-	made	 habitats	 in	 Doñana	 provide	 al-
ternative	 wintering	 space	 for	 the	 threatened	 Continental	 European	
Black-	tailed	Godwit	population.	Biological Conservation,	171,	127–135.	
doi:10.1016/j.biocon.2014.01.022
Márquez-Ferrando,	R.,	Hooijmeijer,	 J.	C.	 E.	W.,	Groen,	N.,	 Piersma,	T.,	&	
Figuerola,	J.	 (2011).	Could	Doñana,	 SW	Spain,	 be	 an	 important	win-
tering	area	for	Continental	black-	tailed	godwits	Limosa limosa limosa?	
Wader Study Group Bull,	118,	82–86.





Mulder,	T.	(1972).	De grutto (Limosa limosa (L.)) in Nederland: Aantallen, ver-





Newton,	I.	(2010).	The migration ecology of birds.	London:	Academic	Press.
Norris,	D.	R.,	&	Marra,	P.	P.	 (2007).	Seasonal	 interactions,	habitat	quality,	






ries?	Wader Study Group Bull,	100,	5–9.
Piersma,	 T.	 (2007).	 Using	 the	 power	 of	 comparison	 to	 explain	 habitat	
use	 and	 migration	 strategies	 of	 shorebirds	 worldwide.	 Journal of 
Ornithology,	148(Suppl	1),	45–59.	doi:10.1007/s10336-	007-	0240-	3
Piersma,	T.,	Lok,	T.,	Chen,	Y.,	Hassell,	C.	J.,	Yang,	H.-Y.,	Boyle,	A.,	…	Ma,	Z.	
(2016).	 Simultaneous	declines	 in	 summer	 survival	 of	 three	 shorebird	
species	signals	a	flyway	at	risk.	Journal of Applied Ecology,	53,	479–490.	
doi:10.1111/1365-	2664.12582
R	Core	Team	(2014).	R: A language and environment for statistical computing. 
Vienna,	Austria:	R	Foundation	for	Statistical	Computing.
Rakhimberdiev,	E.,	van	den	Hout,	P.	J.,	Brugge,	M.,	Spaans,	B.,	&	Piersma,	
T.	 (2015).	 Seasonal	 mortality	 and	 sequential	 density	 dependence	 in	








metabolic	 rate	 and	 thermal	 conductance	 in	 rock	 sandpiper	 (Calidris 






importance	 of	 early	 breeding	 in	 black-	tailed	 godwits	 (Limosa limosa).	
Osnabrücker Naturwissenschaftliche Mitteilungen,	32 S,	239–241.
Schroeder,	J.,	Lourenço,	P.	M.,	van	der	Velde,	M.,	Hooijmeijer,	J.	C.	E.	W.,	
Both,	 C.,	 &	 Piersma,	 T.	 (2008).	 Sexual	 dimorphism	 in	 plumage	 and	
size	 in	 black-	tailed	 godwits	 Limosa limosa limosa. Ardea,	 96,	 25–37.	
doi:10.5253/078.096.0104
Schroeder,	 J.,	 Piersma,	T.,	Groen,	N.	M.,	Hooijmeijer,	 J.	 C.	 E.	W.,	 Kentie,	
R.,	 Lourenço,	 P.	M.,	 …	 Both,	 C.	 (2012).	 Reproductive	 timing	 and	 in-
vestment	 in	 relation	 to	 spring	 warming	 and	 advancing	 agricultural	
schedules.	 Journal of Ornithology,	 153,	 327–336.	 doi:10.1007/
s10336-	011-	0747-	5
Senner,	N.	R.,	Conklin,	J.	R.,	&	Piersma,	T.	(2015).	An	ontogenetic	perspec-





Senner,	 N.	 R.,	 Verhoeven,	 M.	 A.,	 Abad-Gómez,	 J.	 M.,	 Gutiérrez,	 J.	 S.,	
Hooijmeijer,	J.	C.	E.	W.,	Kentie,	R.,	…	Piersma,	T.	(2015).	When	Siberia	
came	 to	 the	 Netherlands:	 The	 response	 of	 Continental	 black-	tailed	
godwits	to	a	rare	spring	weather	event.	Journal of Animal Ecology,	84,	
1164–1176.	doi:10.1111/1365-	2656.12381




















the edge: Wetlands and birds in a changing Sahel.	Zeist,	the	Netherlands:	
KNNV	Publishing.
How to cite this article:	Kentie	R,	Marquez-Ferrando	R,	
Figuerola	J,	et	al.	Does	wintering	north	or	south	of	the	 
Sahara	correlate	with	timing	and	breeding	performance	 
in	black-	tailed	godwits?.	Ecol Evol. 2017;00:1–9. 
https://doi.org/10.1002/ece3.2879
